Abstract. I report here the detection of two bona-fide brown dwarfs by XMM-Newton: respectively, corresponding to luminosity ratios of log(LX /L bol )= -2.07 and log(LX /L bol )= -2.69. The two sources were close to the limit of detection of the instruments at only 2∼3-σ above the background level, and no significant flare or variation could be detected during the 48.3 ks and 33.9 ks observations. [GY92] 141 had already been observed 10 months earlier with Chandra by Imanishi et al. (2001) with a luminosity ∼14 times fainter than the one I report here, meaning that the X-ray emission of this object is strongly variable.
Introduction
Brown dwarfs are very low mass objects unable to sustain stable nuclear reactions. Although these objects are extremely cool and their atmospheres fully convective, they appear to be able to display some X-ray coronal activity. Several surveys in the field or in star forming regions using ROSAT (Mokler & Stelzer 2002; Neuhäuser et al. 2000 Neuhäuser et al. , 1999 Fleming 1998) , XMMNewton (Imanishi et al. 2003; Stelzer & Neuhäuser 2003; Martín & Bouy 2002) or Chandra (Wolk 2003; Tsuboi et al. 2003; Preibisch & Zinnecker 2002; Adams et al. 2002; Imanishi et al. 2001; Rutledge et al. 2000; Fleming et al. 2000) lead to the identification of several ultracool and brown dwarfs as faint X-ray emitters, with typical luminosities of L X ∼10 27∼28 erg s −1 , and some of them displaying strong variability. These observations suggest that there is apparently no drop in the X-ray luminosity at the substellar boundary. Although these X-ray features are likely to Send offprint requests to: H. Bouy ⋆ Based on observations obtained with the ESA XMMNewton Satellite, reported in the The First XMM-Newton Serendipitous Source Catalogue, XMM-Newton Survey Science Centre (SSC), 2003 have a magnetic origin, the standard (α-ω) dynamo cannot be at work because of the absence of a radiative core and the fully convective nature of these objects. Küker & Rüdiger (1999) suggested that the magnetic field could be generated by a so-called α 2 -dynamo effect, where the magnetic field is produced by the action of the Coriolis force on the convective zones of the atmosphere. The X-ray emission might then be correlated to the rotation, and therefore the age, of the object, which is still not clear as shown by the X-ray detection of old late-M dwarfs in the field (Martín & Bouy 2002; Rutledge et al. 2000; Fleming et al. 2000; Fleming 1998 ). Finally, since no abrupt changes are observed at the convective transition, the α 2 -dynamo would probably be present in the convective zones of more massive stars. The study of the X-ray activity of ultracool and brown dwarfs will therefore bring extremely important results not only on their own characteristics but also on the properties of more massive objects.
In this paper, I will present the detection of two young brown dwarfs with the ESA XMM Newton satellite. In the first section, I will present these two objects and their optical and/or infrared properties; in section 3 I will describe the observations, then in section 4 I will explain how I processed and analyzed the data and finally in section 5 I will analyze the results.
Two Young Brown Dwarfs
The two objects have been confirmed as brown dwarfs and as members of the Upper Scorpius and ρ-Oph star forming regions by spectroscopic measurements. In this section, I will summarize the properties of these objects as reported in the literature.
DENIS J155601-233809
DENIS J155601-233809 has been reported as a M6.5 dwarf and as a member of the Upper Scorpius OB association by Martín et al. (2004) on the basis of spectroscopic measurements. Proper motion measurements confirm that the object belongs to the association (Bouy et al., in prep.) . Martín et al. (2004) report a clear Hα emission with an equivalent width of EW(Hα)=-20±3Å, not strong enough to indicate significant accretion, but indicating that DENIS-P J155601-233809 is chromosphericaly active (see e.g Barrado y Navascues & Martín (2003) or Jayawardhana et al. (2003) for a discussion on the Hα emission as an indicator of accretion and activity). DENIS J155601-233809 was also reported in the 2MASS catalogue as 2MASS J155601-233808. Table 1 gives an overview of the photometric and astrometric properties of DENIS J155601-233809. DENIS and 2MASS photometry (see Table 1 ) indicate a I − J colour of 2.46±0.10 mag. If we assume an intrinsic colour for M6.5 dwarfs of I − J=2.5-2.7 mag as reported by Dahn et al. (2002) , the measured I − J colour corresponds to an almost null extinction A V ∼0 mag. Using the bolometric correction B K =2.95±0.15 mag evaluated for M6.5 dwarfs by Leggett et al. (2002) , the 2MASS apparent magnitude m K =12.81±0.03 mag, and assuming a distance of 145±2 pc as measured with Hipparcos by de Zeeuw et al. (1999) , I arrive at log L/L ⊙ =-2.08±0.05.
[GY92] 141
[GY92] 141 (hereafter GY 141) was reported by Luhman et al. (1997) as a M8.0 dwarf and as member of the ρ-Oph star forming region (ρ-Oph 162349.8-242601) using spectroscopic measurements. On 1997 April 14-15th they report a relatively strong Hα emission with an equivalent width of EW(Hα)∼-60Å. On 2002 October 31 Jayawardhana et al. (2002) report an Hα emission with an equivalent width of EW(Hα)=-13.4±0.2Å. The variability and the strength of this emission suggest chromospheric activity, but part of it could be due to accretion. The detection of mid-infrared excess emission by Comeron et al. (1998) with a magnitude of 12.25±0.3 mag at 4.5 µm in the LW1 filter of the ISOCAM indeed indicates the presence of circumstellar material. Luhman et al. (1997) estimated a mass of 0.01-0.06 M ⊙ using the evolutionary tracks of Burrows et al. (1997) and Baraffe et al. (1997), and Gorlova et al. (2003) estimated a mass of 0.024±0.015 M ⊙ . GY 141 is therefore clearly substellar.
GY 141 has already been observed twice in the X-rays, first in September 1994 with ROSAT by Neuhäuser et al. (1999) who did not detect it with an upper limit on the luminosity at log L X ≤27.86, and second by Imanishi et al. (2001) with Chandra in May 2000, who detected it with a luminosity L X =0.25×10 28 erg/s and log (L X /L bol )=-3.6. The source was too faint to allow them to make spectroscopy. They also estimated the chance of coincidence of background source to fall in their 9 ′′ beam to be 0.6%-1%. GY 141 was also reported in the DENIS catalogue as DENIS J162651.3-243242.9 and in the 2MASS catalogue as 2MASS J16265113-243242. Table 1 gives an overview of the photometric and astrometric properties of this object as reported in these two catalogues.
Observations
The two sources have been reported in the XMM-Newton Serendipitous Source Catalogue (XMM-Newton Survey Science Centre 2003). By doing a cross-matching between a list of currently know brown dwarfs and brown dwarf candidates with the catalogue, I found that two X-ray sources had been reported at the position of these two objects. I retrieved the corresponding data from the XMM-Newton Public Archive (program 0112380101, P.I. Turner, and program 0111120201, P.I. Watson) for further analysis.
DENIS J155601-233809
DENIS J155601-233809 has been observed on 2000 August 26th for 48309 s. The pointing was made at R.A= 15
• 56 ′ 25.00 ′′ and Dec=-23h37 ′ 47.02 ′′ , therefore 331 ′′ away from DENIS J155601-233809. The observation has been made in prime full window mode with the medium filter, which prevents optical contamination from point sources as bright as m v =8∼10 mag.
Both MOS and PN detectors have a 27
′ diameter field of view. DENIS J155601-233809 appears only on the EPIC PN and MOS2 images. It is reported in the XMM-Newton Serendipitous Source Catalogue as 1XMM J155601.1-233809. Figure 1 shows the combination of the EPIC PN, MOS1 and MOS2 images and the position of DENIS J155601-233809. For more details on XMM-Newton and its instruments, please refer to the XMM-Newton Users' Handbook (Ehle et al. 2003) .
The X-Ray source lies 1. ′′ 0 away from the DENIS and the 2MASS coordinates, therefore well within the absolute astrometric uncertainties of the pointing (4 ′′ in average, according to the XMM-Newton Users' Handbook). No other optical/near infrared counterpart can be found in the DENIS or 2MASS catalogues within an area of ∼20 ′′ around this position, which makes it very likely that the faint X-ray source is associated to the DENIS object.
Moreover and as will be discussed in Section 4, the associated flux is consistent with that of a brown dwarf. The corrected detection likelihood value reported in the catalogue is 44.8, with a quality flag of 4, ensuring that the probability that the detection is real is very high. ′′ away from GY 141. The observation has also been made in prime full window mode with the medium filter. Figure 1 shows the EPIC PN image and the position of GY 141 in the field. GY 141 was not detected in the EPIC MOS2 camera. This source is reported in the XMM-Newton Serendipitous Source Catalogue as 1XMM J162651.3-243242. The catalogue does not report any detection in the EPIC PN camera, although the source appears clearly in it (see Figure 1) . In both EPIC PN and MOS1, the source is very faint, which might explain why the pipeline used to build the catalogue missed it in the EPIC PN image. The corrected detection likelihood value reported in the catalogue for the MOS1 detection is 9.0, with a quality flag of 4. According to the User Guide to the Catalogue, sources with likelihood greater than ∼8 and quality flag of 4 are reliable. GY 141 is just above this limit, which probably explains why it was not detected by the pipeline in the other EPIC detectors. Using an aperture of 320 pixels, I measure 92.6 counts in the EPIC PN image (corrected for background using a standard phot sky algorithm). The corresponding rate is 0.00273±00092 count/s, which is consistent with the value reported in the catalogue for the EPIC MOS1 camera (see Table 2 ). The detection in two of the three detectors increases the likelihood that the detection is real, and the chances of coincidence are very low. On the basis of all these considerations, I will consider for the rest of this paper that the detection is real, although the possibility that it is spurious cannot be ruled out.
The X-ray source lies less than 0.
′′ 5 away from the DENIS and 2MASS coordinates, and once again no optical/near infrared counterpart can be found in the DENIS and 2MASS catalogues in an area of ∼25 ′′ around this position, which makes it very likely that the faint X-ray source is associated with the brown dwarf. As will be discussed in Section 4, the associated flux is also consistent with that of a brown dwarf, but higher than the one reported by Imanishi et al. (2001) with Chandra.
1 According to the User Guide to the Catalogue, "the likelihood value stands for the detection likelihood of the source, L = −ln(p), where p is the probability the detection occurring by chance. A value of ∼7 corresponds roughly to one false detection per exposure. A summary quality flag of 4 indicate that the detection is good (0=bad; 1-3=suspect, 4=good)". For more details please refer to the User Guide to the Catalogue. 
Data Processing
Since the source were not centered in the field of view, I had to apply a correction for vignetting using the recommended evigweight task of the XMM-Newton Science Analysis System software (Loiseau 2003) . Once this correction was applied, I extracted the light curve of each object in a circular area of 400 pixels around the source, and the light-curve of their respective background in an empty annulus region between 450 and 602 pixels around the source, therefore with the same surface in order to make direct comparison. Figure 2 shows the light-curves obtained. It appears clearly that the sources are very faint and not much brighter than the background. Neither timing nor spectral analysis can therefore reasonably be performed on these data, and I was only able to get flux measurements.
The fluxes reported in the XMM-Newton Serendipitous Source Catalogue were computed for N H =3.0×10 20 cm 2 , and assuming a spectral model of a power-law with a slope of 1.7. For more details about the construction of the catalogue, please refer to the corresponding User Guide 2 . This spectral model being not the most adapted to this kind of sources, I decided to recompute the fluxes using the count rates reported in the catalogue (see Table 2 , except for the PN values of GY 141, measured as explained in section 3.2) and the recommended PIMMS and nH softwares 3 . Table 3 gives the results obtained assuming a thin thermal plasma with a temperature kT varying from 0.5 to 2.5, a distance of 145 pc for both objects as measured by de Zeeuw et al. (1999) , and bolometric luminosities estimated as explained in Section 2. 
Data analysis
Since no spectral analysis could be performed to determine which spectral model best describes the sources, I will make the analysis using the results obtained for a thermal plasma with kT =2.0 keV as shown in Table 3 .
DENIS J155601-233809
As shown in Figure 3 , DENIS J155601-233809 has an Xray luminosity very similar to that of other late type Mdwarfs in star forming regions and the field. It belongs to the strongest X-ray emitters among that class of objects. It is important to note that no detailed timing analysis can be done because of the very low flux (see Figure 2) , and that more sensitive observations are required in order to know if the observed emission is quiescent or related to some flare events.
GY 141
The X-ray activity of GY 141 shows that this object has a strong coronal activity. In order to compare the different measurements available, I used the PIMMS software to convert the Chandra luminosity (measured in the energy range 0.5-9.0 keV) and the ROSAT upper limit (measured in the energy range 0.1-2.4 keV) to the energy range of the XMM-Newton observations (0.2-12.0 keV). The results are summarized in Table 4 , and show that the flux of GY 141 increased by a factor of ∼14 between the Chandra and the XMM-Newton observations. The X-ray emission is therefore highly variable, and GY 141 would not have been detected in the 33.9 ks XMM-Newton frame if its emission would have been at the same level than in the 100.6 ks Chandra observation. The present XMMNewton measurement is close to the limit of detection of the ROSAT observation.
As shown in Figure 3 , GY 141 has an X-ray luminosity among the strongest for late type objects, and displays a strong variability between two observations separated by a period of ∼10 months. Neuhäuser et al. (1999) did not detect it with ROSAT in 1994, but their limit of detection was higher than the two values obtained with XMMNewton and Chandra. Its X-ray luminosity increased by a factor of ∼14 between the Chandra and the XMM-Newton observations. Although the light curve of the emission detected with XMM-Newton suggests that there was no significant variation during the 34 ks XMM-Newton observation (see Figure 2) , the shortness of the observation (34 ks) and the faintness of the detection does not allow to conclude that it was not a flare-like event. Further observations should be made in order to confirm that the observed variability occurs on long (∼months) or short (∼10 ks) time-scales. This issue is very important since the only few sources known to show variability are flaring objects with periods of 10∼50 ks and, except for the old field brown dwarfs LP944-20 and VB 10, with amplitudes less than a factor of 10 (Imanishi et al. 2003) . If confirmed by further observations, a strong variability over a long time-scale would probably mean that two types of activity, governed by different mechanisms, can occur in the corona of late type objects. Recently, Schmitt & Liefke (2002) reported a significant variation of the quiescent X-ray emission of the M9 dwarf LHS 2065 after a flare. Such a phenomenon might also be at work and explain the variation observed for GY 141 between the Chandra and XMM-Newton observations. Finally, since it has been shown that the object is surrounded by a disk, part of its emission could also come from the circumstellar material interacting with the magnetic field, following a scenario of emission as suggested by Montmerle et al. (2000) .
Conclusions
I report here the detection with XMM-Newton of two young bona-fide brown dwarfs. DENIS J155601-233809 displays an X-ray emission similar to other young objects of the same age and spectral class, with log(L X /L bol )= -2.69. I did not observe any significant variability during the 48.3 ks observation, but the faintness of the source did not allow me to perform precise timing analysis. More sensitive observations are required to know if this emission is quiescent or associated to a flare-like event. GY 141 has the highest X-ray luminosity reported up to date for that class of object, with log(L X /L bol )= -2.07. Its luminosity has increased by a factor of 14 since the previous Chandra observation. No significant flare-like event could be detected in the 33.9 ks XMM-Newton observation. In that case again the faintness of the source did not allow me to perform precise timing analysis, and more sensitive observations are also required in order to know if this emission is due to a flare or quiescent. Follow-up observations of this object should allow us to know if this variability occurs on long (∼months) or short (∼10 ks) time-scales. The stars represent the flaring objects at their maximum with the corresponding value or upper limit on the quiescent emission. While DENIS J155601-233809 seems to have a normal X-ray luminosity in comparison with other M6∼M7 dwarfs, GY 141 shows a strong variability between the Chandra and XMM-Newton observations. In order to avoid confusion, some object's spectral types have been shifted by 0.1 subclass. Values from Martín & Bouy (2002) and references therein, except the quiescent value for VB 10, from Fleming et al. (2003) .
